Introduction
As part of the continuing effort in the joint NASA/USAF spacecraft charging investigation, electron spraying tests were performed on a model of the SCATHA (P78-2) satellite in one of the large vacuum facilities at NASA-LeRC. Considerable testing at atmospheric pressure had previously been performed on the model.1 The testing was concerned with measurement and analysis of the model's response to simulated electron induced discharges occurring at various points on the model. The LeRC electron spraying tests were part of a combined experimental and analytical investigation of the charging of dielectric materials in geometric patterns on a curved surface. Previous charging tests had been performed on 30 cm square or smaller samples of single dielectric materials on grounded substrates with normally incident electron beams.
Electron spraying tests of a satellite were conducted by the European space Agency on the METEUSAT P1 model. 2, 3 The tests were an attempt to reproduce anomalies observed on the orbiting spacecraft. During those tests, it was reported that discharges were unexpectedly observed to occur with the satellite floating. In the course of the LeRC testing, it was also observed that discharges occurred with the SCATSAT floating. Furthermore, discharges occurred for electron beam energies well below those required to produce discharges in the tests of small samples on grounded substrates.
The testing, originally planned to investigate charging, was expanded to include investigation of the low level discharges. Sensors were placed in and around the model to determine the nature and location of the discharging. That investigation has only recently been initiated and is still being pursued.
Experiment Description

Facility
The tests were conducted in the 4.6-meter diameter by 18.3-meter long vacuum chamber in the NASA Lewis Research Electric Propulsion Laboratory (Fig. 1) Figure 4(a) shows the solar array surface voltage profile resulting from irradiation by four 8-keV, approximately 1 nA/cm2, electron beams. The four broad peaks were produced by the four electron beams. The narrow peaks correspond to the individual cover slides. The area at zero corresponds to the simulation of the SSPM. The maximum potentials of -6 kV occurred where the electron beam angle of incidence was minimum. The angle was not exactly zero since the path viewed by the probe was not in the plane of the electron guns. The electron guns were turned back on while the model was rotating at 1 rpm and after several minutes equilibrium was reached. The surface voltage profile shown in Fig. 4(b) was the result. The potential peaks were reduced by 700 to 800 volts and the valleys were filled in. Finally, the two VUV sources were turned on and the equilibrium surface voltage profile shown in Fig. 4(c) resulted. During the stationary irradiation tests surface voltage probe and current sensor transients indicated that some low-level, nonvisible discharges were occurring randomly at quite low electron beam energies. The discharge activity was halted or diminished when the model was rotated.
Comparsion to Modelling Predictions
The NASA Charging Analyzer Program (NASCAP)4-6 was used to generate computer predictions of the surface voltage profiles on a computer simulation of a ground, stationary SCATSAT being irradiated by four electron beams. The SCATSAT was modelled as an octagon (Fig. 5) suspended in a representation of the vacuum chamber. Figure. 7 Fig. 7(b) indicate the structure to be the most negative with the surfaces of the solar cell cover slides and Teflon several hundred volts positive relative to the structure. Depsite the large discrepancy between the data and prediction of the time required for the structure to reach equilibrium, the agreement in the equilibrium value is quite good (within 100 volts). The time discrepancy is related to the size of the timesteps used in the computer modelling.
A final observation that requires further investigation is the change in structure potential at turn-off of the electron guns. In the case shown, the structure potential rapidly jumped from -750 to +350 volts. On other occasions, at similar test conditions, the change was much less rapid and on still others there was no observable change. At present the structure potential change at electron gun turn-off does not appear to be chamber pressure dependent. The evidence of discharging consisted of transients on the surface voltage probe signals and the electron flux sensor electrometer signals. Discharges were not visible to the naked eye and 30 minute time exposure photographs did not show any visible evidence of discharges. When tests were conducted with the model electrically floating, the discharges occurred more frequently for a given electron beam energy and flux. The surface voltage probe mechanism was moved away from the model to eliminate it as a possible discharge site and the discharges continued. The discharge rate was found to increase with increasing electron beam energy and/or flux. The rate was also found to be dependent on the portion of the model being irradiated. When an area of the model with a Teflon-aluminum interface on the central band was being irradiated, the greatest discharge activity was observed. Discharge activity could be diminished by rotating the model to irradiate a different portion of the central band. 
